Hip dislocations remain an intractable
Introduction
At the authors' hospital, the problem of a dislocation after total hip arthroplasty (THA) was nearly eliminated as a complication of primary THA after January 1993, when the modified transgluteal approach (Dall's approach) was adopted (Iida et al, 1995; Irie et al, 1997) .
However, hip dislocations remain an intractable problem in patients with soft tissue impairment, particularly in those with muscle weakness around the hip, such as those who have undergone revision THA. Dislocations after THA were a major problem before 1993 when the transtrochanteric approach was used (Dall, 1986; Ali Khan et al, 1981) .
Postoperative dislocations were observed in 10 of 154 hips between January 1985 and June 1988, before Dall's approach had been adopted. Five hips required re-replacement.
Conventional measures to prevent or treat post-THA dislocations have been antidislocation pants for soft fixation and a cast or abduction-forcing braces for firm fixation (Williams 1982; Clayton and Thirupathie, 1983; Mallory et al., 1988) . However, the antidislocation pants for soft fixation were not so effective as indicated by the above 10 postoperative dislocations. The firm fixation techniques are considered to cause a reduction in muscle strength, causing psychological stress and poor activity of daily living (ADL).
A soft brace was devised for easy application and a test model prepared to prevent muscle weakening, allow stability of the hip during rotation and avoid restrictions in ADL. This 254 S. Irie, H. Iida, H. Nishimatsu, C. Hayashi, and T. Nakamura~1 brace was applied to a patient who had 3 dislocations in a short period after being discharged who sustained a postoperative dislocation and achieved good results.
Patient
The patient, a 69-year-old female, noted pain in her right hip while walking in 1971 when she was 42 years old, she underwent a muscle release operation at another hospital.
In 1981, pain in her right hip recurred, and a Charnley low friction arthroplasty was performed in 1984.
In 1994, pain in her right hip appeared again and was aggravated thereafter. The patient was admitted in February 1998 for THA. Right revision THA was performed on July 10, 1998, and a programme of physiotherapy was initiated on July 13. Eighteen days after the operation, a fragment of the greater trochanter displaced by Dall's approach was shown as displaced 9mm by radiography. Weight-bearing was restricted to 50% until August 3. The postoperative course was otherwise uneventful, and full weight bearing was resumed thereafter. The patient was discharged on August 18. At discharge, the muscle strength was level 3 in the hip extensors and level 4-5 in other muscles. Anterior dislocation of the right artificial joint occurred 3 times between August 31, about 2 weeks after discharge, and September 12, 1998. The first episode occurred when the patient stretched her hand to the left and anteriorly the second occurred when she was resting in the lateral recumbent position, and the third occurred when she reached for an object in the right lateral direction while sitting. Radiography showed that a dislocation of the right hip was induced readily by lateral rotation when muscles around the right hip were relaxed (Fig. 1) .
A Zetton Band has been worn thereafter, and no dislocation has been observed because of follow-up for half a year (Fig. 2 ).
Brace Figure 3 shows the appearance of a Zetton Band. The purpose of this brace is to prevent external (or internal) rotation of the hip without interfering with the ability or ADL of the patient.
Restriction of the external rotation in the extended hip position is important in preventing anterior hip dislocation. On the other hand, the restriction of the internal rotation in the hip flexed position is important for preventing posterior hip dislocation.
This brace consists of 3 skin contact bands and several straps (flexible and non-flexible).
It is applied as shown in Figure 4 the 3 bands that make tight contact with the skin are wound around the waist (A), femoral region (B) and knee (C). Each band is fixed with highly flexible straps (D and E) in a crossed pattern (resembling a "Z" in the coronal aspect).
Other variations can be applied. Internal rotation can be prevented by winding the straps in the reverse direction, excessive rotation can be prevented by adding non-flexible bands to the straps or substituting the straps with non-flexible bands or excessive internal and external rotations can both be prevented by winding the straps in both directions.
The material is Super Wrap™ (Fabriform Co.), and Velcro™.
Discussion
Recurrent dislocations after THA are an indication of revision THA. However, the success rate of revision THA for recurrent dislocations is not high (Olerud and Karlstrom, 1985) . Also, as surgery is repeated, the muscle strength and tone of other soft tissues are reduced due to surgical insult, leading to increased hip instability (Olerud and Karlstrom, 1985) . Hard braces are alternatives to prevent recurrent dislocations, however their effectiveness has not been established (Dorr et al., 1983) . No soft braces are currently available.
The purposes of prosthetic therapy for hip disorders are preventing and correcting deformations, protecting morbid tissues, and compensating for and augmenting the lost functions. After reduction of dislocation, hip supporters and hip braces are used. Since they cannot sufficiently restrict rotational movements, devices such as a knee brace with Fig. 4 . The Zetton Band consists of the three bands (waist (A), thigh (B), and knee (C)), and two highly flexible straps D waist to thigh, E thigh to knee). Each band is fixed to the straps in a crossed pattern (resembling a "Z" in the coronal aspect). The straps (D and E) in this figure are applied to restrict external rotation of the hip in the extended position. pelvic bands and a long leg brace with pelvic bands are used to restrict rotation. However, these devices largely restrict other movements as well, and they are heavy. Their strong fixation and immobilisation effects may also greatly reduce muscle strength. The Zetton Band, developed to circumvent these problems, has the following characteristics. It restricts rotation relatively selectively, it restricts excessive extension but not mild flexion and extension while walking or routine daily activities (Fig. 5) , its restrictive force can be adjusted by altering the position or tension of the bands, it permits toilet movements without removal and negligibly affects ADL, it is inexpensive and it is unlikely to be displaced due to friction against clothes because it is worn directly on the skin.
The Zetton Band, is particularly effective in dislocations caused by muscle weakness such as the those presented here.
Also, the Zetton Band, can be applied to posterior dislocations by winding the straps in the reverse direction. Furthermore, the material of the brace is highly flexible and has sufficient resistance to stretching. The Zetton Band was easy to apply (time for application is about five minutes) and comfortable when applied directly on the skin and is inexpensive at 250 dollars (Manufactured by Ooi).
Conclusions
Complete fixation and forced immobilisation has been the only treatment for recurrent dislocations such as observed in the patient described, who dislocated her hip 3 times within 15 days. However, the Zetton Band evaluated in this study, a soft brace that does not restrict activities, is expected to prevent loss of muscle strength due to disuse. Therefore, it is expected to permit early resumption of activities and early rehabilitation after dislocation.
The authors consider that the Zetton Band is highly useful for treating patients with recurrent dislocations due to muscle weakness after THA with adequate stem and socket installation.
